We analyse determinants of an enterprise's decision to offshore R&D activities using an unique data set for enterprises in Ireland over the period [2001][2002][2003][2004][2005][2006]. Our results suggest that, on average, other things equal, enterprises with international activities, and enterprises which used information and communication technologies (ICT) were more likely to offshore R&D. Furthermore, characteristics of the import source region had an important influence on enterprise offshoring behaviour, with offshoring to regions outside of the advanced European Union's economies being less likely.
The rest of this paper is structured as follows. Section 2 discusses the theoretical and empirical underpinnings of our analysis. Section 3 presents our empirical methodology. Next, in Section 4 we discuss the data that we use. Section 5 discussed the empirical results. Finally, Section 6 concludes.
Theoretical and Empirical Framework
In this section we discuss theoretical and empirical insights that underpin our analysis of determinants of offshoring of R&D.
The decision to outsource certain business activities previously undertaken in-house has been analysed by Coase (1937) . However, the interest in understanding factors driving international outsourcing or "offshoring" is more recent (Grossman and Helpman 2002; Antràs and Helpman 2004; Grossman and Rossi-Hasenberg 2008) .
One of the main motivations for offshoring identified in the theoretical literature is the opportunity for enterprises to save on production costs. Grossman and Rossi-Hansberg (2008) develop a model that examines the potential productivity gains which accrue from offshoring that is motivated by international factor cost differentials. In their model, firms can benefit from labour cost differentials in different countries by offshoring tasks that are produced by low skilled labour more cheaply abroad than at home. However, the benefits of offshoring must be weighed against the coordination and monitoring costs of completing the task abroad. They find that firms that use low skilled labour intensively can gain relatively more in terms of profits and productivity and increase demand for the less offshorable labour inputs.
In the closely related theoretical literature on the determinants of the firm's organisation mode, Grossman and Helpman (2002) and Antràs and Helpman (2004) are particularly relevant. Grossman and Helpman (2002) examine the choice between outsourcing and firm integration. In determining their organisational mode, firms, which are assumed to be equally productive, are faced with the trade off between the costs of running a large and less specialised organisation versus the search and monitoring costs of an input supplier. The authors show that outsourcing is likely to be more prevalent in some industries than in others. Outsourcing is more likely to be viable in large firms and in large economies. Also, in competitive markets outsourcing requires a high per unit cost advantage for specialised input producers relative to integrated firms, while in markets with less competition, outsourcing depends on the comparison of the fixed costs between specialised producers and integrated firms. Antràs and Helpman (2004) model organisation choices of profit-maximising firms, accounting for the behaviour of the input supplier, given imperfect contract enforcement. Each input sourcing mode is associated with a respective fixed cost which only the more productive firms can overcome.
In this framework, decisions regarding trade, investment and organisational choices are interdependent. Görg et al. (2008) also emphasise that "better" firms are more likely to offshore given that upfront sunk costs are involved. Wagner (2011) analyses the effects of offshoring on
German manufacturing firms performance and shows that "better" firms self-select into offshoring.
He identifies offshoring firms as being larger, more productive, more human capital intensive and more export intensive relative to non-offshoring firms.
We earlier acknowledged that the most productive firms are capable of overcoming the fixed costs associated with offshoring. Implicit in our discussion was that the source country characteristics affect the cost of offshoring and influence the offshoring decision. Also the costs of offshoring to potential source countries are likely to differ by source country. Movement towards greater global integration through trade agreements involving the reduction of tariffs and non-tariff barriers between countries has had a dramatic impact on trade costs between countries. This, in turn, has increased the relative viability of offshoring to countries covered by such agreements. However, with the elimination of these trade barriers there is limited scope for potential gains from future trade agreements. In this context, a recent strand of the literature emphasises the importance of country trade facilitation characteristics such as the efficiency of customs, ports, transport infrastructure, regulation, and ICT infrastructure. Such factors influence the speed, efficiency and cost with which inputs are delivered and are particularly important in global supply chains where delays and costs can be transmitted throughout the value chains, Nordas et al. (2006) .
Access to skilled talent and specialised technologies in the source country are also expected to influence firms' offshoring behaviour. As reviewed in Ceci and Masciarelli (2010) , these factors are strategic considerations faced by firms which enable them to benefit from the science and technology infrastructure of the host country, (Farrell et al. 2006; Bunyaratavej et al 2007; Manning, 2008) . Bunyaratavej et al. (2007) investigate the determinants of the location of services offshoring.
Drawing on the international business research, they identify the cost of doing business abroad, liability of foreignness and institutional factors as defining the rationale for offshoring. Lower labour costs and human capital are found to matter in choosing a location for services outsourcing while the use of telecommunications technology lessens the need of firms to be near major markets. In line with the institutional theory literature, which emphasises the role institutions play in lowering transaction costs and information costs and facilitating interactions, they find that firms have a higher propensity to offshore to locations where culture, education and infrastructure closely resemble their home country.
The specific role of information and communication technology (ICT) on the offshoring activity of firms has come in for particular attention in the literature. This is unsurprising given it is considered one of the key drivers of global trade and financial integration (Rae and Sollie, 2007) . There are a number of channels through which ICT can directly reduce trade-related costs of offshoring. 3 First, ICT which is a General Purpose Technology, enables sellers to adapt and tailor their service to closely match the requirements of the buyers of the service. Second, ICT better facilitates the matching of producers and purchasers, (Grossman and Helpman, 2002) . Finally, Autor et al. (2003) argue that ICT allows for the compartmentalisation of jobs into tasks some of which may be offshorable.
The empirical literature which examines the link between ICT and offshoring at the enterprise level is limited but results tend to suggest a positive relationship. (Abramovsky and Griffith, 2006; Rasel, 2012; Tomiura, 2005) . Planning software and e-commerce purchases are also found to be relevant for offshoring. Biewen et al. (2012) analyse the impact of cost pressures and financial constraints on the decision to offshore services for German multinational enterprises over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] . They find that an enterprise is less likely to begin offshoring if it faces internal cost pressures due to a drop in sales and sales per employee, while enterprises who already offshore are likely to intensify offshoring activity. External credit conditions appear to have no significant impact on offshoring activity. They also find that firms source from countries with high GDP and low wages in the sector that supplies the service.
International outsourcing of R&D allows firms to access specialised knowledge to accelerate product innovation and shorten product life cycles (Cesaroni 2004) . However, sourcing R&D internationally may involve non-trivial integration as well as monitoring and co-ordination costs (Veugelers, 1997; Veugelers and Cassiman 1999) .
Existing evidence suggests that the propensity to outsource R&D internationally is higher for firms integrated in global production and innovation networks. 
Empirical Methodology
To estimate the determinants of an enterprise's offshoring decision, we estimate the following probit model:
( 1) refers to the probability of the outcome and (.) is the normal cumulative distribution function. The dependent variable is a binary variable that is equal to one if an enterprise i, in sector j, offshores a business function s to region c during the analysed period, and it is zero otherwise. Z is a vector of enterprise characteristics which are expected to influence its decision to offshore. The explanatory variables included in the model specification are: size (SIZE), labour productivity (LPROD), wages per employee (WEMP), ICT investment per employee (ICT), ownership (FOREIGN), domestic exporter dummy (DOMEXP), and industry competition (HHI).
As discussed in Section 2, characteristics of the location country are likely to influence the firms' decision to offshore. For instance, some countries may have better trade facilitation infrastructure or large pools of skilled labour that increase the feasibility of a enterprise offshoring. We account for these differences in source country characteristics by including source country dummies (i.e. In our analysis, we first pool each of the business function offshoring decisions together and estimate how the enterprise characteristics relate to its decision to offshore a business function to a particular country for the full set of our enterprise observations. We next analyse determinants of offshoring of R&D. To put the results for offshoring of R&D into perspective, we also estimate separate model specifications for the offshoring of the following business functions: (i) core business activities; (ii) distribution and logistics; (iii) marketing, sales and after sales services; (iv) ICT services;
(v) administration and management functions; (vi) engineering and related technical services.
Data and Summary Statistics
To conduct our analysis, we merge data from three separate enterprise level surveys collected by Descriptions of the variables used in our analysis are presented in Table A1 in the Appendix.
To account for potential selection bias, we estimate weighted regressions. To calculate the weights, we first merge the CIP and ASI datasets and then, for each year we sum the number of enterprises in each two-digit Nace Rev 1.1 industry. For service enterprises, we sum the grossing factor based on the number of enterprises provided in the ASI, to calculate the number of enterprises in each twodigit NACE Rev 1.1 service industry. The maximum value of the sum of enterprises in each industry over the period 2001 to 2006 is taken and divided by the sum of the enterprises in each two-digit NACE Rev 1.1 industry in the regression sample.
Once the files are merged we have an initial sample of 503 enterprises. Table 1 presents the average value of the offshoring measure by type of business function offshored for (i) all enterprises, (ii) manufactures and (iii) service enterprises. The measure is also broken down by five different types of enterprise in our sample, i.e. all enterprises, foreign-owned, domestic-owned enterprises, all exporting firms, and domestic exporters.
[ Table 1 about here]
which are "carried out in order to permit or facilitate production of goods or services intended for the market/for third parties by the enterprise. The outputs of the support business functions are not themselves intended directly for the market/for third parties". 9 Bulgaria, Cyprus, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Romania, the Slovak Republic, Slovenia. 10 Switzerland, Norway, Turkey, Russia, Belarus, Ukraine and the Balkan states.
A number of interesting results emerge from Table 1 . First, some business functions are more likely to be offshored than others. In Table 1 column 1, we see that for all enterprises (i.e. top section of Additional descriptive statistics of the variables used in our analysis are presented in Tables A2 and   A3 in the Appendix.
Empirical Results
In this section, we present the estimates on how enterprise characteristics relate to offshoring decisions. Table 2 column 1 presents the estimates of the probit model described above where we pool all enterprise observations. Specifically, the dependent variable is a binary variable equal to one if the enterprise offshored a particular business function to a particular destination. The estimates shown in Table 2 are the average marginal effects and robust standard errors are reported in the parenthesis. We present the estimation results in a stepwise fashion; we include the foreign ownership dummy, domestic exporter dummy, location dummy and industry dummies as our initial set of controls and add one explanatory variable at a time. The final column contains the full model specification.
[ Table 2 about here]
The results in Table 2 suggest that larger and more productive enterprises are more likely to offshore. This positive link between an enterprise's productivity and its propensity to trade is well established in the international trade literature. 11 Furthermore, foreign-owned enterprises and domestic exporters are both 3 percentage points more likely to offshore compared with domestic enterprises and domestic exporters serving the home market respectively. The important role of ICT
for offshoring also appears to be confirmed with the ICT intensity variable being positively associated with an enterprise's propensity to offshore. Also, enterprises that have a website are 1.3
percentage points more likely to offshore. We find that enterprises that are solely located in the Border, Midland and Western region have a relatively lower propensity to offshore.
The characteristics of the source region controlled for by the source country dummies are significantly related to enterprise offshoring behaviour, with offshoring to country/regions outside of the EU15 found to be less likely. 12 This result is unsurprising as the fixed entry costs into offshoring to the EU15 group of countries are likely to be lower given their relative proximity and the strong trade and financial linkages. We also see that support business functions had a lower propensity of being offshored when compared with the omitted reference group, i.e. core business functions.
Columns 1-7 in Table 3 show the estimates of determinants of offshoring for each type of business function that was offshored. 13 The dependent variable is a binary variable equal to one if the enterprise offshored each business function to a particular destination and equal to zero if it did not.
[ Table 3 about here]
We find that foreign-owned enterprises and domestic-owned exporters had a relatively greater propensity to offshore each type of service support function. Further, our results indicate that larger enterprises were more likely to offshore distribution, marketing, ICT, and administration functions, while more productive enterprises offshored distribution and marketing functions.
The ICT intensity variable is positively associated with an enterprise's propensity to offshore core business functions only. Enterprises with a website had a relatively greater propensity to offshore core, ICT, engineering, and research and development business. We continue to find that the 11 Most of the research in this area has focused on the link between productivity and the exporting of goods. Recent research by Vogel and Wagner (2010) has found a positive link between productivity and importing. Also, Biewen et al (2012) find evidence that more productive firms are more likely to import services from abroad. 12 Given the important economic ties between Ireland and the UK, it would have been particularly useful if the survey separated the UK from the other EU15 old member states. We could then have examined if the strong ties with Ireland-UK were driving this result. 13 The model specification for 'other' business could not be estimated due to issues of collinearity and sample size.
propensity to offshore to destinations outside of the EU15 was lower. Also, enterprises located in the BMW region were less likely to offshore core, distribution, engineering, and research and development functions.
With respect to offshoring of R&D, our estimates suggest that enterprises integrated in international production and innovation networks, are more likely to offshore R&D. being a foreign-owned enterprise increases the propensity of offshoring of R&D by 3 percentage points, while exporters are more likely to offshore R&D by 4 percentage points. Furthermore, having a website increases the probability of offshoring of R&D by nearly 2 percentage points. With respect to the location of the headquarters, relative to enterprises located in the Border, Midlands, western region are less likely to offshore R&D relative to those located in South and Eastern region (which includes the capital city). With respect to sourcing locations, it appears that Ireland's offshoring of R&D is less likely from any other region than EU15.
Conclusions
In this paper we investigated the factors that are expected to influence an enterprise's decision to offshore business functions, in particular R&D activities. More specifically, we used Irish survey data for the period 2001-2006 for over 500 enterprises to consider how factors, internal and external to the enterprise, relate to its propensity to offshore eight different types of business functions, including R&D.
Our results can be summarised as follows. We find that for the full sample of enterprises the likelihood of offshoring was positively associated with the size and labour productivity of the enterprise. Furthermore, international linkages through foreign-ownership and exporting increased the likelihood of offshoring. ICT was also found to matter, with ICT investment per employee and website ownership being positively associated with an enterprise's propensity to offshore. Further, we find that core business functions were more likely to be offshored compared with support service functions. The location where functions were offshored to is also important, with the propensity to offshore to destinations outside of the EU15 being lower.
Finally, we find that the strength of the associations between an enterprise's characteristics and its decision to offshore differ according to the type of business function that was offshored.
With respect to offshoring of R&D, our estimates suggest that enterprises integrated in international production and innovation networks, are more likely to offshore R&D. Being a foreign-owned enterprise increases the propensity of offshoring of R&D by 3 percentage points, while exporters are more likely to offshore R&D by 4 percentage points. Furthermore, having a website increases the probability of offshoring of R&D by nearly 2 percentage points. With respect to the location of the headquarters, relative to enterprises located in the Border, Midlands, western region are less likely to offshore R&D relative to those located in South and Eastern region (which includes the capital city). With respect to sourcing locations, it appears that Ireland's offshoring of R&D is less likely from any other region than EU15.
The analysed data does not allow the establishment of the date when firms' offshoring had started.
This implies that, although the identified links between the offshoring propensity and characteristics of firms and sourcing locations may be indicative of causal relationships, they can at best be interpreted as correlations. Notes: Own calculations based on ISS survey question. Sample is derived from merging the ASI, CIP and ISS datasets provided by CSO. The summary measure in each cell is the mean value for each of the binary offshoring measures used in the analysis. Notes: The estimates were obtained with a probit estimator. Robust standard errors are shown in parentheses.*,**,***, significant at the 10%, 5% and 1% level respectively. Dependent variable is a binary variable equal to 1 if an enterprise offshores a business function (denoted at the top of the column) to a particular destination and zero otherwise. 2-digit industry dummies are included. Weights are calculated for each 2-digit NACE Rev 1.1 sector. Regressions where host country estimates are missing are due to no observations of offshoring to that destination. Due to small number of enterprises and limited variation we were unable to accurately estimate the offshoring equation for "other" business functions. Note: Pairwise correlations of the variables included in the regressions. In our regression analysis, we include the natural logarithm of the continuous variables.
